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NEW PROBLEMS OF BALL LIGHTNINGS 

M. T. Dmitriyev 

Mikhail Timofeyevich Dmitriyev heads the labora- 
tory for physico-chemical and radiological research 
in the Institute of General and Communal Hygiene 
of AMN SSSR. His principal scientific interests 
are conntected with physics of the atmosphere, 
radiation chemistry of the air, and environmental 

collects and interprets observations on ball lightnings. 

-nfi+arr+i pAwuC.VuIY...  nn Ir! a d d i t i n n ,  M. T, Dmitriyev carefully 

Physico-chemical analysis of the traces of lightninq 

The problem of the nature of ball lightning is of general 
physical importance, particularly for the theory of electricity. 
At the same time, ball lightning is investigated by such specia- 
lized disciplines as meterology and physics of the atmosphere and 
the clouds. In the view of many investigators, a solution of the 
problems of ball lightning will stimulate the development not only 
of the physics of the atmosphere, but also of other sciences, and 
may lead to the discovery of new physical phenomena and relations. (1) 

* 
Numbers in the margin indicate pagination of original foreign 

See I. M. Imyanitov, Ye. V. Chubarina, Ya. M. Shvarts. 
text. 

Elektrichestvo oblakov (Electricity of Clouds), Leningrad, 
Gidrometeoizdat, 1971, p.  5. 
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Discussion of t h e  n a t u r e  of b a l l l i g h t n i n g , w h i c h  was opened 
i n  t h i s  j o u r n a l  s e v e r a l  years ago, ( 2 )  con t inues  t o  evoke 
responses  from the  r e a d e r s .  I n  a d d i t i o n ,  t h e  e d i t o r i a l  o f f i c e  
r e c e i v e s  s y s t e m a t i c a l l y  new o b s e r v a t i o n a l  material on b a l l  

l i g h t n i n g s  which has not  been publ i shed  anywhere. We shal l  
a t t e m p t  t o  ana lyze  and g e n e r a l i z e  t h i s  new material. 

S ince  b a l l  l i g h t n i n g  cannot be  reproduced and s t u d i e d  
i n  d e t a i l  i n  s c i e n t i f i c  l a b o r a t o r i e s ,  the  major r o l e  i n  s o l v i n g  
the  problem w i l l  be  p layed  as be fo re  by obse rva t ions  c a r r i e d  ou t  
under a c t u a l  cond i t ions .  A s  a r u l e ,  d e s c r i p t i o n s  o f  eyewi tnesses  
i n d i c a t e  there  i s  cons iderable  energy i n  b a l l  l i g h t n i n g .  A s  an 
i l l u s t r a t i o n ,  w e  shal l  desc r ibe  here an  i n t e r e s t i n g .  s tudy  of b a l l  

l i g h t n i n g  observed on August 13, 1969 i n  t h e  v i l l a g e ,  Yamskie 
Lesa, near t h e  town of  Noginsk i n  t h e  Moscow area. The s tudy  was 
c a r r i e d  out  by A. S.  Bystr ikov.  

The news about t h i s  l i g h t n i n g  was publ i shed  on August 19 ,  
1969 i n  t h e  town newspaper tlZnamya kommunizma" (Communism Banner) 
i n  an a r t i c l e  by L. V. Ti tova.  A s  the  r e p o r t  says, on t h a t  day a t  
about 7:OO p . m . ,  du r ing  a thunderstorm, t h e  b a l l  l i g h t n i n g  
about 50 cm i n  diameter s t r u c k  house No. 7 of  M.  P. Krutov and 
t h e n  exploded. A .  S. Bystr ikov a r r i v e d  a t  t he  scene a f te r  1 0  days .  
From h i s  d e s c r i p t i o n  i t  fo l lows  t h a t  e l e c t r i c a l  c a b l e s ,  e l e c t r i -  
c a l  meter, t he  f u s e  pane l  and t h e  windowframeswere p u t  ou t  of  
o r d e r .  A t e l e v i s i o n  c a b l e ,  a par t  o f  an e l e c t r i c a l  condu i t ,  anc! 
a h e a t i n g  element of  a n  e l e c t r i c a l  p l a t e  v o l a t i l i z e d  du r ing  t h e  

explos ion .  Eyewitnesses r epor t ed  t h e  appearance of  a column of  
brown smoke a f t e r  the explos ion ,  and t h e  format ion  of  s o o t  and 
c i n d e r s  i n  t h e  windows. .- D e s p i t e  t h e  f a c t  t ha t  s u p e r f i c i a l  repairs 

( 2 )  
Nos. 5 and 9; 1971, NO. 6 

l tPr i roda l t ,  1966, NO.  9; 1967, NO.  6; 1968, No. 8; 1969, 
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have been done, t r a c e s  of explos ion  were c l e a r l y  v i s i b l e .  
F i r s t  of  a l l ,  there  was a semic i r cu la r  s t a i n  on t h e  jamb o f  t h e  
door;  i t  was dark  brown, with some green  and yellow c o l o r  on 
the  pe r iphe ry .  T h i s  s t a i n  had a diameter of  about half  a meter, 
and i t  resembled d e p o s i t s  on surrounding o b j e c t s  aft.er s h o r t i n g s .  
Fragments of window glass, a l s o  d a r k  brown w i t h  a green  and 
yel low d e p o s i t ,  were found dispersed a t  a d i s t a n c e  of up t o  
1 0  m. I n  a d d i t i o n ,  a wooden d e c o r a t i v e  s ta r  covered w i t h  red 

material and p laced  on the  roof  of  t h e  c lub  a t  a d i s t a n c e  of  
250 m from the house, suf fe red  damage, and window panes were 
broken i n  t h e  b u i l d i n g .  The fabr ic  cover ing  o f  t he  s ta r  was 
t o r n  and hung l i k e  a r a g ,  but the e l e c t r i c a l  lead t o  t h e  s ta r  
remained undamaged. - /61 

However, i t  was no t  p o s s i b l e  t o  ga ther  d i r e c t  evidence t h a t  

i t  was, i n  f a c t ,  b a l l  l i g h t n i n g .  According t o  t h e  view o f  A .  S .  

Bys t r ikov ,  i t  could a l s o  have been convent iona l  l i n e a r  l i g h t n i n g ,  
s t r i k i n g  the  t e l e v i s i o n  antenna on t h e  roo f  o f  t h e  house. The 
X-ray a n a l y s i s  o f  d e p o s i t s  on glass i n d i c a t e d  an i n c r e a s e d  
con ten t  of copper and a l s o  of  copper oxide (F igure  1). Apparent ly  
t h e  t e l e v i s i o n  c a b l e  which v o l a t i l i z e d  du r ing  t h e  explos ion  
se rved  as a source  of  copper. 

- ~~ 

L. V. T i t o v a  supplemented t h e  material publ i shed  by her  w i t h  

new data.  
n i n g  was f i rs t  observed before  t h e  open window of a s t o r e  l o c a t e d  
n o t  fa r  from house No. 7 ,  over t h e  working a i r - c o n d i t i o n i n g  u n i t s  
(a  deafening  r a t t l e  was heard a t  t ha t  t i m e ) ,  and only t h e n  i t  
proceeded towards t h e  house of M .  P. Krutov. The s t o r e  service- 
woman, V. Serova, observed a rather d u l l  c o l o r  of l i g h t n i n g  
w i t h  a dark-grey t i n t .  Hence, L. Shisha lova  observed the  
s p a r k l i n g  l i g h t n i n g ,  which had a l r e a d y  l e f t  the  window o f  
house No. 7. It is  assumed t h a t  the  l i g h t n i n g  was moving down 

According t o - - t h i s  new informat ion ,  - t h e  - -  b a l l  l i g h t -  
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Figure- 1. X-ray spectra of tile window glass, cbtainec! C?T? 
a URS-50 IM diffractometer: I - a sample of the p ~ r e  wir?dzw 
glass; I1 - a sample of glass retaining the deposit after the 
possible explosion of ball lightning. The peaks on the 
spectrogram correspond to the crystalline materials shown, and 
the height of the peaks is proportional to the content of 
material. The numbers in brackets, given in angstroms, show 
the interatomic distances in the crystal lattice of the 
material (The data of A .  S. Bystrikov). 

the television cable. As pointed out by L. V. Titova, several 
eyewitnesses in the village observed the ball lightning, whereas 
nobody - saw ~- the -linear-lightning _ _ - _  strike-house ._,- No. 7.- 

We have given the description of ball lightning as reported 
by several eyewitnesses. But such preliminary evidence has to 
be followed by an analysis o f  observational results, mathemati- 
cal modeling, and careful calculations, particularly with the 
application of computers. In this way, the published observation- 
al descriptions should be considered primarily as initial material 
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f o r  subsequent e l a b o r a t i o n  of  t h e  case  i n  depth. ( 3 )  
g i v e  examples o f  such p re l imina ry  data. 

We shal l  

On t h e  basis of  s p e c i f i c a l l y  desc r ibed  b a l l  l i g h t n i n g  
observed on Aggust 23 ,  1965 on t h e  r i v e r  Onega, i t  was establ ished 
by means of  c a l c u l a t i o n s  t h a t  t h e  p o t e n t i a l  of  l i g h t n i n g  r e l a t i v e  
t o  t h e  e a r t h  was 300-400 kV, t h e  temperature  reached t h e  o r d e r  of 
1 4 , 0 0 0  degrees, t h e  degree of i o n i z a t i o n  was 22%, t h e  t o t a l  
energy r e s e r v e  was estimated at  530 J ,  and the p o s s i b l e  s t r e n g t h  
on exp los ion  - 0.7 m i l l i o n  horsepower. ( 4 )  

Photographs of b a l l  l i g h t n i n g s  are o f  p a r t i c u l a r  va lue .  
F igu re  2 shows one such photograph, taken by G .  V. Se l ezh insk iy  
nn May 30; 1972 a f t e r  1 c ) : O O  p-m.  dur ing  a thunderstorm over  
Lake Sevan ( n e a r  t h e  v i l l a g e  of Sevan).  Photographic work was 
be ing  done a t  t h a t  time on f l a t ,  h o r i z o n t a l  l i g h t n i n g ,  which 
appears on t h e  photographs as luminescent areas. Al toge ther ,  
1 2  photographs were taken .  After  developing t h e  f i l m s ,  t h e  

m a j o r i t y  of the photographs showed p a r a l l e l  t r a c k s  i n  t h e  form of  
d o t t e d  l i n e s  on the  background of  g e n e r a l  luminescence. If these 
t r a c k s  were l e f t  by b a l l  l i g h t n i n g ,  t h e n  w e  have evidence o f  
c o n d i t i o n s  f a v o r a b l e  f o r  t h e i r  appearance ( f o r  i n s t a n c e ,  t he  

corresponding composition of t h e  a i r )  du r ing  the thunderstorm. 

- 

Moreover, t h e  d o t t e d  n a t u r e  o f  t h e  t r a c k s  i n d i c a t e s  t h e  p u l s a t i n g  
c h a r a c t e r  o f  the  emission .of l i g h t n i n g .  

a 

( 3 )  The e d i t o r i a l  board of t h i s  j o u r n a l  expres ses  thanks t o  a l l  
t h e  a u t h o r s  who s e n t  m a t e r i a l  concerning b a l l  l i g h t n i n g .  The 
desc r ibed  obse rva t ions  and t h e  hypotheses advanced w i l l  be 
thoroughly eva lua ted  i n  the a p p r o p r i a t e  l a b o r a t o r i e s  of research 
i n s t i t u t e s .  
i t  w i l l  be pub l i shed  on the pages o f  "Priroda".  
( 4 )  

I n  cases  where new in fo rma t ion  becomes a v a i l a b l e ,  

ZhTF, V o l .  39, No. 2,  1969, p.  387 
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Interesting information was obtained from study of photo- 
graphs of another ball lightning. The photograph of its track, 
obtained by V. M. Deryugin, was published in the previous 
review. ( 5 )  
microphotometric investigation. The measurements were made 
in our laboratory by G. A .  Kalinkevich. Figure 3 shows the 
discovered changes in the intensity of luminescence of the ball 
lightning along its advance. It is apparent that the intensity of 
luminescence changes very irregularly; the luminescence pulsates 
and sometimes even fully disappears. 

The negative of that photograph was subjected to 

The same picture enabled us to establish the dependence of 
the luminescence intensity of various parts of a ball 
iigiitiifng o ~ i  t h e i r  d i s tance  r e l a t ive  t.c! i t s  center (Figure 4). 
One could expect three forms of such a dependence. If the ball 
lightning represents a practically opaque solid or liquid body, 
only the surface of the lightning could possibly serve as a 
source of radiation. 'The same conclusion would also apply to the 

3 case in which the radiation of a ball lightning is governed only by 

/62 

chemiluminescence, arising from a chemical reaction of its 
matter, for instance, a reaction of ozone and nitrogen oxides with 
organic compounds. ( 6 )  This possibility could follow from the 
experiments of G. Barri, considered earlier. (7) 
radiation of the ball lightning is governed by a gaseous or 
plasma state (and, in limiting cases, by aerosol or other finely 
dispersed particles), the source of such a radiation should be 
matter in the lightning. Finally, the radiation could be also of 

If, however, the 

( 5 )  
( 6 )  

( 7 )  

"Priroda", 1971, No. 6, p. 50. 
ZhFKh, Vol. 42, 1968, No. 12, p. 3125; ZhtF, Vol.  42, 1972, 
No. 10, p. 2187. 
ltPrirodall, 1969, No. 12, pp. 62-64. 
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Figure  2 .  Photograph of t h e  t r a c k s  o f  a b a l l  l i g h t n i n g  (broken 
l i n e s )  on t h e  background of a f l a sh  of  h o r i z o n t a l  l i g h t n i n g ,  
d u r i n g  a thunderstorm on t h e  n i g h t  of  May 30, 1972 over Lake 
Sevan. The photograph was taken  w i t h  a camera " K i e ~ - 1 1 6 ~ '  w i t h  
o b j e c t i v e  "Jupi ter-12 'Yset  a t  i n f i n i t y ,  a t  n e a r l y  a f u l l y  opened 
diaphragm. After eac'h f l a sh  of  t h e  l i g h t n i n g ,  the f i l m  ad- 
vanced t o  t h e  next  frame. The f i l m  A-2 was t reated w i t h  "F ina l "  
and w i t h  phenidohydroquinone developer .  Because of o p t i c a l  
e f f e c t s ,  the  t r a c k  c o n s i s t s  of 8 paral le l  l i n e s .  (Photograph by 
G.  V. S e l e z h i n s k i y ) .  

a combined n a t u r e ,  o r i g i n a t i n g  b o t h  from the volume and t h e  
s u r f a c e  of  the  l i g h t n i n g .  The exper imenta l  data p resen ted  i n  
t h e  p i c t u r e  l eave  no doubt whatsoever tha t  t h e  source  of  
r a d i a t i o n  of b a l l  l i g h t n i n g  i s  w i t h i n  the  l i g h t n i n g ,  and. 
t h a t  t h e  l i g h t n i n g  i t se l f  r e p r e s e n t s  matter which i s  p r i m a r i l y  i n  
t he  gaseous (plasma) s ta te .  O f  course ,  these conclus ions  were 
a r r i v e d  a t  only from s e p a r a t e  obse rva t ions  of  one b a l l  l i g h t n i n g .  
Hence, f o r  the f i n a l  s o l u t i o n  o f  t h i s  problem, i t  i s  necessa ry  
t o  accumulate f u r t h e r  material, fol lowed by the necessary  
e v a l u a t i o n .  



Figure  3 .  Changes i n  t he  luminescence i n t e n s i t y  of  t h e  c e n t r a l  
pa r t  of b a l l  l i g h t n i n g  during i t s  movement. The a b s c i s s a  a x i s  
g i v e s  the d i s t a n c e  R ,  measured i n  u n i t s  o f  t h e  l i g h t n i n g  r a d i u s ,  
and t h e  o r d i n a t e  a x i s  shows the  i n t e n s i t y  of  luminescence ( i t s  
maximum va lue  i s  taken  a r b i t r a r i l y  as 1 0 0 ) .  The consecut ive  
numbers denote  the r e g i s t e r e d  peaks o f  i n c r e a s e d  i n t e n s i t y .  The 
maximum i n t e n s i t y  corresponds t o  t h e  second peak, a f t e r  which and 
d i r e c t l y  b e f o r e  t h e  t h i r d  one t h e  luminescence a t  times disappears 
completely.  After t h e  t h i r d  peak, t h e  b r i g h t n e s s  a l s o  d isappeared ,  
b u t  t h i s  t i m e  only a t  a d i s t a n c e  6.6 times larger than  i n  t h e  
previous  p o r t i o n .  It fol lows from these  data tha t  the lumines- 
cence of  b a l l  l i g h t n i n g  may no t  be t h e  same i n  d i f f e r e n t  p e r i o d s  
and tha t  i t  i s  capable  of  p u l s a t i n g  and even becoming ex t ingu i shed  
a t  t imes.  

Recommendations t o  t h e  observers  

When g i v i n g  examples of  obse rva t ions  of  b a l l  l i g h t n i n g s  and 
e l a b o r a t i o n  of  data, w e  would l i k e  t o  remark t h a t  t h e  a u t h o r s  o f  
a number of l e t te rs ,  u n f o r t u n a t e l y ,  d i d  n o t  d e s c r i b e  t h e i r  
obse rva t ions  thoroughly enough and, no t  i n f r e q u e n t l y ,  cons idered  
only the second-rate  details .  Therefore ,  w e  cons ide r  i t  desirable  

8 



t o  o f f e r  some recommendations on how t o  c a r r y  ou t  o b s e r v a t i o n s ,  
and how t o  organize  and formulate  t h e  r e s u l t s .  

It i s  a lways  necessary  t o  pay s p e c i a l  a t t e n t i o n  t o  material 
t r a c e s  l e f t  by t h e  b a l l  l i g h t n i n g :  fragments o f  glass,  p o s s i b l y  
w i t h  molten openings,  p a r t l y  burned p a r t s  of c a b l e s ,  window 
frames and o t h e r  o b j e c t s .  Thei r  de t a i l ed  i n v e s t i g a t i o n  by means 
of modern methods (such as mass spec t romet ry ,  gas chromotography, 
r a d i a t i o n  spectroscopy,  and a c t i v a t i o n  a n a l y s i s )  can provide  new 
evidence  about t h e  m a t t e r  or  p r o p e r t i e s  o f  b a l l  l i g h t n i n g .  A t  t h e  

s i t e  of obse rva t ions ,  i t  i s  necessa ry  t o  es tab l i sh  t h e  t r a j e c t o r y  
o f  t h e  l i g h t n i n g  and t o  estimate t h e  d i s t a n c e  t o  i t .  
enab le  one t o  determine t h e  dimensions of  the  l i g h t n i n g ,  - i t s  form, . -- 

ra te  of movement, ana o t n e r  p r o p e r i i e s .  It i s  desirable t~ 
es tab l i sh  and make n o t e s ,  i f  p o s s i b l e ,  of such f e a t u r e s  as t h e  

d u r a t i o n  o f  t h e  b a l l  l i g h t n i n g ,  t h e  c o l o r  of the  r a d i a t i o n  
(and i t s  s t eady  o r  v a r i a b l e  c h a r a c t e r ) ,  t h e  appearance o f  t h e  
smoke l e f t ,  the n a t u r e  o f  t h e  odor,  t h e  damage done, e t c .  
Apart  from the behavior  of b a l l  l i g h t n i n g ,  i t  i s  a l s o  necessary  
t o  describe the circumstances under which the obse rva t ions  were 
made, and a l s o  numerous impressions.  

- / 6 3  

T h i s  w i l l  - 

Energy sources  o f  t h e  b a l l  l i g h t n i n g  

Undoubtedly ba l l  l i g h t i n g  posses ses  a cons ide rab le  excess 
of energy.  It i s  very important  t o  c l a r i f y  what are the  energy 
sources  of  b a l l  l i g h t n i n g ,  s i n c e  t h e y  a s s u r e  t h e  very  e x i s t e n c e  
of  t h i s  l i g h t i n g .  I n  p r i n c i p l e ,  th ree  of  sou rces  are 
p o s s i b l e :  it i s  assumed m o s t  o f t e n  t ha t  b a l l  l i g h t n i n g  merely 
accumulates energy of  an o rd ina ry  thunderstorm d i scha rge .  

( 8 )  T h i s  t y p e  of source  was cons idered  among a number of hypo- 
theses i n  t h e  p rev ious  survey. See l lPr i roda l l ,  No. 6 ,  1971, pp. 

( 8 )  A 

50-59 

9 



number of hypotheses start on the assumption that the lightning 
receives the energy from outside, for instance through irradia- 
tion of the clouds. Finally, we may assume the existence of 
a specific internal source of energy, say, in the form of a 
chemical or nuclear fuel. 
the third type of the energy source is of  greatest interest. 
But let us at once make a reservation: 
problematic and is the least probable. 

From the purely practical viewpoint, 

this third type is the most 

Out of many hypotheses of a specific source of energy of 
ball lightning, only three merit attention: the hypothesis of 
self-sustaining chemical reaction of the direct oxidation of 
nitrogen; the nuclear reaction of atmospheric xenon; and the 
annihilation of matter with antimatter. Let us consider each 
of these hypotheses separately. 

The phenomenon of ball lightning is associated by V. L. 
Martynov with a direct self-sustaining reaction of the oxidation 
of nitrogen. 

Frequently physical chemists were faced with the problem: 
could we not have an ordinary chemical reaction between the 
largest components of the atmosphere - between nitrogen and 
oxygen or water? O f  course, it is easiest of all to postulate 
the simplest reactions of the oxidation of  nitrogen: 

Both these reactions are endothermic; the heat of reaction 
of the first is -42.3 Kcal/mole, and of the second - about 
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Figure 4. 
ning. The abscissa axis gives the distance R from the center 
of the lightning, in fractions of its radius. The ordinates axis 
gives the intensity I of luminescence (its maximum value in the 
center of lightning was taken arbitrarily as 100). Measurements 
were performed f o r  parts of the lightning trace, where the in- 
tensity of luminescence was relatively constant: a - between the 
1st and 2nd peak in Figure 3;  b - between the 2nd and 3rd; c - 
between the 4th and 5th peak. Curve I - the luminescence inten- 
sity calculated on the assumption that the matter inside the 
lightning serves as the source of radiation; 
calculated f o r  the case where the radiation source lies on the 
surface of the lightning. A l l  the experimental points lie near 
Curve I, leading to the oonclusion that the radiation source of 
the lightning lies inside it. 

Luminescence intensity of various part of ball light- 

Curve I1 - intensity 
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Hence, under normal c o n d i t i o n s ,  t h e  p o s s i -  /64 - -100 Kcallmole. 
b i l i t y  of  t h e  occurrence of these r e a c t i o n s  i s  out  of t h e  q u e s t i o n .  
It i s  c u r i o u s ,  however, t h a t ,  a f t e r  a l l ,  an exper imenta l  
a t tempt  was made t o  d i scove r  t h e  r e a c t i o n  at  i n c r e a s e d  p r e s s u r e s .  
The experiments proved t o  be unsuccess fu l .  Furthermore,  c a l c u l a -  
t i o n s  were c a r r i e d  out from which i t  fol lowed t h a t ,  i n  o r d e r  t o  
form a solutionsof ammonium n i t r i t e  even a t  a c o n c e n t r a t i o n  
of 10-6M, it i s  necessary  t o  have t h e  n i t r o g e n  p r e s s u r e  e q u a l  
t o  l O 5 l  atm. 
of p r a c t i c a l  p o s s i b i l i t i e s .  
w i t h  oxygen o r  water  a r e  sub jec t ed  t o  a s t r o n g  physico-chemical 
a c t i o n  - f o r  i n s t a n c e ,  h e a t i n g  i n  f lames ,  i r r a d i a t i o n  w i t h  

i o n i z i n g  and u l t r a - v i o l e t  r a y s ,  p a s s i n g  through e l e c t r i c a l  d i s -  

charges  - t h e n  w e  can have endothermic,  i . e .  energy absorb ing ,  
r e a c t i o n s  l e a d i n g  t o  t h e  formation of c s m p ~ m d s  w i t h  boiirnd nitro- 
gen. 
u t i l i z e d  i n  Germany, Poland, Norway and Swi tze r l and  a l r e a d y  a t  
t he  end of t h e  last  century .  
ox ide  from the  a i r  by means o f  a r c  d i s c h a r g e s ,  and t o  o b t a i n  
n i t r i c  a c i d  by subsequent r e a c t i o n  w i t h  oxygen and water. 

Such a p r e s s u r e  i s ,  indeed ,  fa r  o u t s i d e  the l i m i t s  
I f ,  however, mix tures  of n i t r o g e n  

Reac t ion  (1) was no t  only w e l l  s t u d i e d ,  b u t  was broadly 

It was u t i l i z e d  t o  o b t a i n  n i t r o g e n  

It was a l r e a d y  assumed a t  t h e  beginning of t h e  20th 
cen tu ry  t ha t  one of the  combinations of n i t r o g e n ,  oxygen, and 
water has b o t h  p o s i t i v e  heat of  r e a c t i o n  and a n e g a t i v e  v a l u e  
of t h e  change of thermodynamic p o t e n t i a l :  

The prominent thermodynamicist G .  L e w i s  wrote about  t h e  
p o s s i b i l i t y  of t h i s  r e a c t i o n  as fo l lows:  "A large n e g a t i v e  
va lue  of t h e  f r e e  energy ( i . e . ,  thermodynamic p o t e n t i a l  bF) of  t h e  - - 

.The c a l c u l a t i o n s  made he re ,  and f u r t h e r  i n  t h i s  paper ,  
u t i l i z e d  t h e  data from t h e  book: A .  Gaydon. D i s s o c i a t i o n  e n e r g i e s  
and s p e c t r a  of  d ia tomic  molecules.  Moscow, I L ,  1949. 
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fo rma t ion  of n i t r i c  a c i d  shows t ha t  t h i s  compound should be 

ob ta ined  d i r e c t l y  from i t s  elements.  Even s t a r t i n g  w i t h  water 
and a i r ,  i t  i s  apparent  that n i t r i c  a c i d  should be obta ined  up 
t o  a concen t r a t ion  of  O.lM,when t h e  c a l c u l a t e d  e q u i l i b r i u m  i s  
reached .  
t h i s  r e a c t i o n  which would convert  a l l  t h e  oxygen w i t h  par t  of  
n i t r o g e n  i n  the a i r  a long  w i t h  water i n  t h e  oceans i n t o  d i l u t e d  
n i t r i c  a c i d .  f f ( lO) 

React ion  ( 3 )  i s  thermodynamically feasible ,  a l though i n  t h e  same 
book he s t i l l  adds t h a t  "n i t rogen  compounds need not  be formed 
even i f  thermodynamically poss ib le" .  

L e t  us  hope t h a t  na tu re  w i l l  no t  provide  a i a t a l y s t  f o r  

Thus, G.  L e w i s  d e f i n i t e l y  cons idered  t h a t  

The bes t  proof  f o r  t h e  p o s s i b l e  occurrence o f  exothermic 
Reac t ion  ( 3 )  would be i t s  experimental  r ep roduc t ion .  Indeed,  i f  

t h i s  r e a c t i o n  were thermodynamically pe rmis s ib l e ,  i t  would be 

s u f f i c i e n t  f o r  i t s  r e a l i z a t i o n  t o  have only an i n i t i a l  l o s s  
of  a c t i v a t i o n  energy. Such cond i t ions  ar ise ,  of  course ,  i n  t h e  
atmosphere ( i n  humid a i r ,  and a l s o  over  lakes and seas).  
Ordinary l i n e a r  l i g h t n i n g  could s e r v e  as a source  of a c t i v a t i o n  
energy.  It i s  d i f f i c u l t  t o  say  whether anybody s t u d i e d  exother-  
mic React ion (3 )  t o  o b t a i n  bound n i t r o g e n .  The heat o f  forma- /65 
t i o n  and change of  thermodynamic p o t e n t i a l  of  such complex 
r e a c t i o n s  are c a l c u l a t e d  by cdmbining thermodynamic data w i t h  
t he  d i s s o c i a t i o n  e n e r g i e s  of t he  s i m p l e s t  d ia tomic  molecules .  For  
t h e  d i s s o c i a t i o n  energy o f  the molecule of  n i t r o g e n ,  A .  Gaydon 
g i v e s  the  va lue  225.1 Kcal/mole, Kh. Garstrum - 170 .2 ,  and 
L. Gere - only 1 2 0  Kcal/mole. 
based on spec t roscop ic  data,  i s  appa ren t ly  more c o r r e c t ,  the  

- 

Although t h e  f irst  of  these va lues ,  

problem of an a c c u r a t e  de te rmina t ion  of  d i s s o c i a t i o n  energy of a 

(1') G .  N .  L e w i s .  
Ci ted i n  t h e  book: G.  Lewis ,  M. Randal l .  Chemical Thermodynamics. 
Leningrad, ONTIKhIMTEORET, 1936, p .  469. 

J.  Amer. Chem. SOC.,  V o l .  37, 1915, p. 2308.- 
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molecule of  n i t r o g e n  should not  be cons idered  y e t  as f i n a l l y  
s e t t l ed .  
leads t o  d i f f e r e n t  c a l c u l a t i o n  r e s u l t s  - both  f o r  t h e  heat of  
r e a c t i o n  and f o r  t h e  change of thermodynamic p o t e n t i a l  du r ing  
t h i s  r e a c t i o n .  

Hence, t h e  use of  d i f f e r e n t  data f o r  Reac t ion  ( 3 )  (11) 

According t o  c a l c u l a t i o n s  of Ya. S. Kazarnovskiy, t h e  va lue  
of  AF = 27.2  Kcallmole. I n  o t h e r  words, a p o s i t i v e  va lue  of  AF, 
accord ing  t o  these data, precludes.  t h e  p o s s i b i l i t y  of Reac t ion  ( 3 )  
under normal cond i t ions .  Ca lcu la t ions  of  Yu. Yu. Lurye provide  
a nega t ive  va lue  of  AF, bu t  t h i s  va lue  i s  t o o  small for r each ing  
any d e f i n i t i v e  conclus ions .  If w e  c a r r y  o u t  endothermic 
Reac t ion  (1) i n  the  presence of  water vapor ( w i t h  t h e  p o s s i b l e  
i n t e r a c t i o n  o f  a l l  three r e a g e n t s ) ,  t h e n  the  y i e l d  of t h e  bound 
n i t r o g e n  not  only does n o t  increase,. b u t  even decreases ( i r i  

e l e c t r i c a l  d i scha rges  and i n  plasma). 

k i n e t i c s  the  occurrence of  React ion ( 3 )  i n  one stage.  The 
m a j o r i t y  of  known r e a c t i o n s  are e i ther  b imolecular  or monomolecu- 

It i s  d i f f i c u l t  t o  imagine from t h e  viewpoint o f  chemical 

lar, and i n  rare cases  - t r i m o l e c u l a r .  It i s  c l e a r  from t h e  
equa t ion  of  React ion ( 3 )  t h a t  i t  i s  necessary  t o  have t h e  s imul ta -  
neous c o l l i s i o n  of 9 molecules f o r  t h e  r e a c t i o n  t o  proceed i n  
one stage.  It i s  q u i t e  apparent  t h a t  t h e  number of  such m u l t i p l e  
c o l l i s i o n s  i s  i n s i g n i f i c a n t  i n  a p e r i o d  of s e v e r a l  minutes 
(maximum l i fe t ime of  b a l l  l i g h t n i n g ) ,  and i s  n e g l i g i b l y  small i n  
comparison w i t h  t h e  number of double o r  t r i p l e  c o l l i s i o n s  i n  t h e  
same t i m e .  

L e t  u s  assume tha t  Reaction ( 3 )  proceeds i n  s e v e r a l  stages.  
Thus, accord ing  t o  Yu. Yu. Lurye, the  f i r s t  stage i s  the  same as 
endothermic React ion (1). After i t ,  indeed ,  t h e  s t u d i e d  exothermic 
r e a c t i o n s  are p o s s i b l e :  

(11) M. V. Vol 'kenshteyn, ' In t roduc to ry  paper i n  the mentioned 
book of  A. Gaydon, p. 13. 
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The f irst  of them can proceed both  i n  t he  gaseous and i n  
l i q u i d  phase, and t h e  second r e a c t i o n  - only i n  t h e  l i q u i d  phase. 
T h i s  i s  f u l l y  unders tandable :  7 molecules p a r t i c i p a t e  i n  
Reac t ion  ( 5 )  and t h e i r  simultaneous c o l l i s i o n  i n  t h e  gaseous 
phase i s  not  probable .  There are no doubts  whatsoever about 
t h e  p r a c t i c a l  p o s s i b i l i t i e s  o f  bo th  these r e a c t i o n s :  t h e y  are 
b o t h  broadly u t i l i z e d  i n  chemical technology t o  o b t a i n  n i t r i c  
a c i d  and i n  t he  p u r i f i c a t i o n  of  e f f l u e n t  gises of  n ik roger -  

oxides .  I n  t h e  f i n a l  r e s u l t ,  a th ree - s t age  r e a c t i o n  i s  t a k i n g  
p l a c e ,  and i t s  t o t a l  heat of r e a c t i o n  amounts t o  14 .5  Kcal/mole. 

The most thorough c a l c u l a t i o n  o f  t h e  thermodynamic 
p o t e n t i a l  change i n  Reac t ion  ( 3 )  gave the  va lue  AF = -4 Kcal/mole, 
i . e . ,  t h i s  r e a c t i o n  appears t o  be thermodynamically p o s s i b l e .  
Nonetheless ,  i t  has t o  be remembered t h a t  an  i n p u t  of a large energy 
i s  r e q u i r e d  t o  c a r r y  out  the f i r s t  s t a g e  of  t h i s  r e a c t i o n ,  and, on 
t h e  basis  o f  c u r r e n t  data, i t  i s  d i f f i c u l t  t o  v i s u a l i z e  any k ind  
of i n t e r m e d i a t e  a c t i v e  p a r t i c l e s  o r  c a t a l y s t s  which might a c c e l e r a t e  
Reac t ion  ( 3 ) .  It i s  known t h a t  molecular  n i t r o g e n  p r a c t i c a l l y  i s  
n o t  ox id i zed  by means of  atomic oxygen o r  ozone. Also, t h e  
c a t a l y s i s  of  t h e  d i r e c t  ox ida t ion  of  n i t r o g e n  a t  s u f f i c i e n t l y  high 

tempera tures  proved t o  be i n e f f e c t i v e .  Moreover, React ion (5 ) ,  i n  
i t s  t u r n ,  i s  complex and t akes  p l a c e  e f f e c t i v e l y  only i n  t h e  
l i q u i d  phase. F i n a l l y ,  t h e  p o s s i b i l i t y  i s  not excluded that  the  
n e g a t i v e  va lue  of t h e  change i n  thermodynamic p o t e n t i a l  and pos i -  
t i v e  va lue  o f  t he  heat of r e a c t i o n  are a consequence of  some e r r o r  
i n  de te rmining  t h e  d i s s o c i a t i o n  energy of some of t h e  s imples t  
molecules .  
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It should be noted that various investigations of the 
reaction of the direct oxidation of nitrogen, including experiments 
in a plasma and in a nuclear reactor, gave an energy yield not 
exceeding 10 atoms of bound nitrogen per 100 eV. (12) In other 
words, the degree of utilization of energy for the chemical 
reaction did not exceed 9.2% in this case; but,to have a reaction 
which is self-sustaining t o  any degree, the degree of utilization 
of initial energy should exceed considerably 100%. Nevertheless, 
the possibility of such a process is still of some interest. If 
the air, in conjunction with the hypothesis of the Self-sustaining 
reaction of the oxidation of nitrogen, represents merely a 
chemical fuel, then 1 m3 of air could provide 27 watt-hours of 

self-sustaining oxidation reaction would provide for mankind a 

to 90 g per 1 m3 of air). 
it is found that the ball lightning merely accumulates the energy 
of linear lightning (the first type of source). 

- 

/- 

. energy. In addition, experimental implementation of such a 
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However, this hope is lost if 

Studies were made of the stability mechanism of ball lightning, 

The following well-known process was utilized: 
based on the reaction of active nitrogen in a low-temperature 
plasma. (13) 

This reaction is strongly exothermic. At ionization of 20$, 
the evolved energy reaches 0.883 kilowatt-hour per 1 m3 air. 
Thus, it is seen that no additional energy can be obtained from 

(12) M. T. Dmitriyev. 
khimii vozdukha. "Izotopy v SSSR" (Practical Aspects of the 
Radiation Chemistry of .Air. "Isotopes in the USSR"), Atomizdat, 
1970, No. 17; Atomnaya energiya, Vol. 15, No. 1, 1963, p. 52. 

(I3) M. T. Dmitriyev. ZhTF, Vol. 39, No. 2, 1969, p. 387; 
No. 10, 1972, p .  2187; Wissenschaftliche Zeitschrift der Techni- 
schen Hochschule Ilmemau, Vol. 16, No. 5, 1970, p .  87. 

Prakticheskiye aspekty radiatsionnoy 

VOl. 42, 
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t h e  a i r ,  s i n c e  we have t o  expend 3.5 times more energy t o  form 
t h e  r e q u i r e d  i n i t i a l  concen t r a t ion  of  n i t r o g e n  i o n s  (bu t  i n  
n a t u r a l  c o n d i t i o n s  t h i s  i s  p o s s i b l e  du r ing  the d i scha rge  o f  a 
l i n e a r  l i g h t n i n g ) .  /& 

< According t o  ano the r  hypo thes i s ,  n u c l e a r  r e a c t i o n  o f  
a tmospheric  xenon s e r v e s  as an a c t u a l  sou rce  of  energy f o r  b a l l  
l i g h t n i n g .  The au tho r  of t h i s  hypo thes i s ,  V .  I .  Arabadzhi, con- 
sidered a number of p r o p e r t i e s  of  b a l l  l i g h t n i n g s  and po in ted  ou t  
t h a t  i n  t h e  ma jo r i ty  of cases  t h e y  p r e s e n t  s p h e r i c a l  forms, bu t  
a l s o  n o t  i n f r e q u e n t l y  they  are pear-shaped o r  even have an 
i r r e g u l a r  form. 
c a s e  t h e  diameter of the l i g h t n i n g  r eaches  10-20 cm), and a l s o  a t  
the  l e v e l  of c louds (but  then w - f t h  a diameter of 11p t o  1 0  m ) .  

Tne e x i s t e n c e  of b a i l  l i g h t n i n g  v a r i e s  between a f r a c t i o n  of a 
second up t o  4 minutes.  
of  t h e  l i g h t n i n g  i s  a s s o c i a t e d  w i t h  an  explos ion ,  equ iva len t  i n  
s t r e n g t h  t o  t h e  exp los ion  of 0.1-1 kg TNT (sometimes even up t o  
1 0  kg TNT). 
l i g h t n i n g  ( independent ly  f l o a t i n g  i n  t h e  a i r ) ,  and t o  immobile 
l i g h t n i n g  ( a t t a c h e d  t o  sharp o b j e c t s ,  c o a x i a l  t o  l i g h t n i n g  
a r r e s t o r s ) .  

They o r i g i n a t e  both  a t  t h e  ground l e v e l  ( i n  which 

I n  t h e  m a j o r i t y  of  c a s e s ,  t h e  d isappearance  

Separate c o n s i d e r a t i o n s  are g iven  t o  mobile 

I n  t h e  view o f  V. I. Arabadzhi, the  energy source  of b a l l  

l i g h t n i n g  may be t h e  i n e r t  gas xenon i n  t h e  atmosphere. One o f  
t h e  i s o t o p e s  of  xenon i s  a unique element i n  t h e  composition 
of t h e  atmosphere. The concen t r a t ion  of  xenon i n  t h e  atmosphere 

t o  t h i s  hypo thes i s ,  t h e  formation o f  b a l l  l i g h t n i n g  i n  t h e  a i r  
i s  p o s s i b l e ,  because sometimes there  i s  a focus ing  of  nuc leo-ac t ive  
cosmic p a r t i c l e s  i n  a s t r o n g  e l e c t r i c a l  f i e l d  o f  thunderstorm 
c louds .  I n  t h o s e  c a s e s  where a d d i t i o n a l l y  a cosmic p a r t i c l e  o f  
high energy passes a long  the  a x i s  of  a focused beam, i t  i s  
p o s s i b l e  to have a m u l t i p l e  gene ra t ion  of new pa r t i c l e s  w i t h  t he  

under normal c o n d i t i o n s  i s  8.6*10-6%, o r  0 . 5 1  mg/m 3 . According 
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formation of mesons. 
evolved in the lightning at the non-chain fission of xenon 
nuclei, and the energy dissipated by the lightning in the form of 
optical radiation, one can estimate the concentration of 
fissionable xenon nuclei necessary for the existence of the 
lightning. At the average energy of 8 MeV, evolved by each 
fissionable nucleus in 1 sec, lightning temperature of 250O0K 
and a diameter of 40 cm, the'necessars concentration of nuclei is 

From the equilibrium between the energy 

12 -3  
I 

2.6010 cm . In order of magnitude, this value coincides with the 
~ 

12 -3  natural concentration of xenon in the air, 2.7010 cm . 
V. I. Arabadzhi considers also that we can assume that ball 

lightning is supported not only by the instantaneous ( -  10 sec) 
emission of the fission neut rnns  , b1U.t. a l s o  by delayed ne1atrons 
emitted by fissionable nuclei during a time from several seconds 
t o  several minutes with constantly decreasing intensity. When the 
energy is dissipated gradually, the lightning can be extinguished 
quietly. In cases of fast evolution of energy and the sharp drop 
following it, an explosion of lightning i s  possible. Since the 
escape of nucleo-active particles and the radiational losses should 
be minimal from a spherical volume, the most long-lived should be 
lightning of a ball shape. According to this hypothesis, the 
probability of ball lightning formation should correlate with 
strong solar flares, accompanied by a considerable increase in 
corpuscular cosmic radiation on the Earth's surface. 

-14 

What can we say'about the arguments for this hypothesis? 
Indeed, B. Schonland in his geophysical investigations in South 
Africa established that the intensity of the charged component of 
cosmic radiation is increased in some places (and decreased in 
others) under a thunderstorm cloud, in comparison with a cloud- 
less space - and this could be explained also as focusing of 
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( 1 4 1  cosmic p a r t i c l e s  i n  t h e  e l e c t r i c  f i e l d  of thunderstorm c louds .  
Moreover, the  t ime of e x i s t e n c e  of  b a l l  l i g h t n i n g  c o i n c i d e s  i n  
o r d e r  of magnitude w i t h  t h e  t ime of emission of delayed 
neu t rons .  

However, a l l  t h i s  i s  s t i l l  i n s u f f i c i e n t  t o  confirm t h e  
hypo thes i s  of nuclear reactions of atmospheric xenon as 
a source  of  energy f o r  b a l l  l i g h t n i n g .  I n  p a r t i c u l a r ,  t h i s  

hypo thes i s  i s  unable  t o  e x p l a i n  t h e  format ion  of b a l l  l i g h t n i n g  
a t  t h e  cloud l e v e l  (and even less so  - above t h e  c l o u d s ) ,  t h e  
independent f e a t u r e s  of  mobile l i g h t n i n g ,  t h e  long  immobil i ty  of 
ax i a l  l i g h t n i n g ,  e tc .  Other q u e s t i o n s  a l s o  r e q u i r e  answers. For 
i n s t a n c e ,  it is necessary  t o  e s t i m a t e  what should be t h e  
i n t e n s i t y  of a beam of cosmic p a r t i c l e s  t o  hea t  a volume o f  a i r  
o f  about  30 liters !a b a l l  o r  20 cm r s d i u s )  t~ t he  assumzd texp- 
e r a t u r e  of 2500OK on account of  t h e  energy of f i s s i o n  of xenon 
n u c l e i .  Are such i n t e n s i t i e s  encountered under n a t u r a l  c o n d i t i o n s ?  
Apparent ly ,  t h e  beams of  neut rons  c r e a t e d  i n  n u c l e a r  r e a c t o r s  
exceed cons iderably  t h e  beams of  cosmic r a y s  under real  condi- 
t i o n s ,  even assuming t h e i r  focus ing .  F u r t h e r ,  it i s  necessa ry  
t o  take account of  h e a t  l o s s e s  i n  the l i g h t n i n g  as a r e s u l t  of the  

necessa ry  mass t r a n s f e r ,  s i n c e  wi thout  mass exchange t h e  l i g h t n i n g  
would no t  be able t o  e x i s t  more than  1 s e c ,  because o f  t h e  

exhaus t ion  of xenon contained i n  i t .  Under c o n d i t i o n s  of a . 

cons tan t  mass exchange governed by displacement  o f  t h e  focus ing  
a r e a  t o g e t h e r  w i t h  t h e  cloud,  t h e  r o l e  of  delayed neu t rons ,  
e m i t t e d  du r ing  a t ime of  up t o  s e v e r a l  minutes ,  becomes i n s i g n i f i -  
can t  f o r  ma in ta in ing  t h e  l i g h t n i n g .  F i n a l l y ,  i t  would be of 
i n t e r e s t  to determine exper imenta l ly  t h e  degree of p o s s i b l e  
focus ing  of  cosmic p a r t i c l e s  i n , t h e  f i e l d  of thunderstorm c louds .  

(I4) B. F. Schonland. ’ Atmospheric E l e c t r i c i t y .  Pergamon P r e s s ,  
1953, pp* 21-58. 



I f  such a focus ing  would i n  f a c t  be p o s s i b l e ,  i t  would r e s u l t  
i n e v i t a b l y  i n  l e t h a l  i r r a d i a t i o n  of animals  o r  men who 
happened t o  be under i t ,  and t h i s  e f f e c t  c e r t a i n l y  would be 

observed i n  n a t u r e .  However, u n t i l  now such f a c t s  have no t  been 
regis tered,  despi te  t h e  f a c t  t ha t  i r r a d i a t i o n  i n j u r i e s  are 
establ ished a t  t h e  p r e s e n t  t i m e  w i t h  p r a c t i c a l l y  a b s o l u t e  
c e r t a i n t y .  

I f  separate occurrences of  bo th  t h e  n u c l e a r  and chemical 
r e a c t i o n s  are feasible,  there  i s  no apparent  o b s t a c l e  t o  t h e i r  
s imultaneous r e a l i z a t i o n  l ead ing  t o  o b t a i n i n g  bound n i t r o g e n .  
It i s  obvious t ha t  bound n i t r o g e n  can be  formed by c a r r y i n g  ou t  
only one n u c l e a r  r e a c t i o n ;  i n  t h i s  case  t h e  f i x a t i o n  of n i t r o g e n  
w i l l  fo l low t h e  already s t u d i e d  endothermic p rocess  ( 6 )  w i t h  a 
y i e l d  of  up t o  140 g pe r  1 m3 a i r .  
i f  even one o f  these r e a c t i o n s  w i l l  ever b e  p r a c t i c a l l y  u t i l i z e d  
as a cheap source  of  energy, s i n c e  so  f a r  these r e a c t i o n s  have n o t  
y e t  been accomplished. 

It i s  s t i l l  t o o  soon t o  say  

L e t  us  cons ide r  s t i l l  another  p o s s i b l e  n u c l e a r  energy 
source  of b a l l  l i g h t n i n g .  It i s  based on the r e a c t i o n  of 
a n n i h i l a t i o n  of matter w i t h  a n t i m a t t e r .  

Observat ions made i n  r ecen t  y e a r s  by means of  s a t e l l i t e s  
and space v e h i c l e s  on cosmic i r r a d i a t i o n  made i t  p o s s i b l e  t o  
make estimates of the  f r a c t i o n  o f  a n t i m a t t e r  i n  i n t e r s t e l l a r  
space.  Assuming uni formi ty  o f  t h e  mixture  o f  matter and a n t i -  
matter i n  t h e  c l o s e d  Universe (I5), the f r a c t i o n  of a n t i m a t t e r  
cannot exceed lom7. 
cons ide r ing  the  t o t a l  amount o f  f i n e l y  d ispersed  m e t e o r i t i c  matter 

S ince  t h i s  va lue  i s  no t  small, t h e n  

(15) G .  L. Vardenga, E. 0. Okonov, P r i r o d a ,  No. 1 0 ,  1971, p .  56. 
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falling on the Earth (3-5.10" tons per year), (I6' the fraction of 
antimatter would be more than sufficient (up to 500 kg antimatter 
per year). 
influx of,antimatter all the observed ball lightnings, under the 
condition, of course, that antimatter is able to penetrate to the 
surface of the Earth without annihilation. 

It would be more than sufficient to explain by the 

, 

This hypotheses was advanced in the scientific literature 
by D. Ashby and K. Whitehead. According to them, ball lightning 
is formed by annihilation of the particles of antimatter in the 
Earth's atmosphere. (I7) It is assumed that antimatter enters at 
first the upper layers of atmosphere in the form of micrometeor- 
ites (I8) having a diameter of several micrometers. 
the velocity of penetration by antimatter particles of the 
atmosphere toward the surface remains small, the anniniiation may 
not occur. Since the probability of annihilation of external 
positrons should be considerably higher than that of antinuclei, 
the micrometeorites should be ionized in the upper atmosphere; 
the charge of these particles is negative. Further, the 
authors of this hypothesis assume that during thunderstorms, the 
micrometeorites of antimatter are captured by linear lightning 
and, in the process of discharge, reach the surface of the Earth. 
At the same time, antimatter particles are accelerated to such an 
extent that their annihilation becomes possible. The energy 
evolved in this process causes the ionization and excitation of 
the molecules in the air, and this is manifested in the form of 
bright luminescence of the ball lightning. 

As long as 

(I6) 
No. 1, 1971, p. 12. 
(17) 
1971, p. 226. 
(18) 
nature was considered by B. P. Konstantinov and coworkers. See: 
Kosmicheskiye issledovaniya, No. 1, 1966, pp. 66-74. 

A. V. Ivanov, K. P. Florenskiy, Astronomicheskiy vestnik, 

Nature, 1971, March, p. 19; Science News, Vol. 99, No. 14, 

The possibility of micrometeorites being of antimatter 
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As is known, the process of annihilation generates as a by- 
product also X-radiation with an energy of 511 KeV (about 30% of 
the total energy of annihilation). D. Ashby and K. Whitehead 
carried out observations on some actual ball lightning, and in 
four cases the presence of X-radiation was established. In one 
of those cases, the energy appeared t o  be close t o  500 KeV, 
although the authors do no t  consider this fact yet as sufficient 
evidence for their hypothesis. 

Thus, the hypothesis in which the reaction of annihilation 
of antimatter micrometeorites serves as a source of energy for 
ball lightning is of definite scientific significance. Never- 
theless, it is necessary t o  make some critical remarks. 

-. First of  all, no single credible case of' the fall of an 
antimeteorite on Earth has yet been established. On the other 
hand, the last decades have witnessed a large expansion of radar 
investigations of meteoritic traces and their utilization, parti- 
cularly for radio communication in polar regions. So far, there 
is no evidence of any kind that on the background of the general 
stream of meteorites there are encountered, at least t o  a small 
degree, separate anomalous meteorites possessing an exclusively 
high ionization capability. Let us assume, despite all this, 
that micrometeorites of antimatter do reach the Earth's atmosphere. 
In this case, it is important t o  establish what is their lifetime 
in the atmosphere, t o  what altitude the antimatter in the form of 
micrometeorites can approach the surface of the Earth, and can 
it thus reach the clouds? 

In this hypothesis, ball lightning is formed only by those 
micrometeorites which fall into the channel of linear lightning 

* and are further accelerated by it. Consequently, the creation of 
ball lightning may involve participation of a quite insignifi- 
cant portion of the total possible amount of antimatter in the 
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atmosphere - for example 2*10-8, i.ei, not more than 10 mg 
antimatter per year, which makes this hypothesis even less 
credible. 
channel of linear lightning, the0 at temperatures of about 
50 thousand O K  the material should vaporize, and the surface would 
be reached only by separate atoms. 
will not evolve a sufficient amount of energy on annihilation. 
If we assume the movement of an ionized particle with a diameter 
of several micrometers in the channel of linear lightning, then 
with a mobility of such mono-charged particles no higher than 
5*10-5  cm /V*sec, a field potential of about lo3 V/cm, and a 
duration of discharge no more than 0.05 sec, such a particle can 
pass along a distance of only 3010'~ cm on the channel. Even if 
the charge on the micrometeorite increased because of annihilation 
of externai p o s i t r o n s ,  it is still difficult to assume that this 
distance might exceed several centimeters. 

Finally, even if a micrometeorite does fall into the 

And each separate atom, in fact, 

2 

Thus, whatever is the physical nature of ball lightning, 
it should possess some minimum energy excess for its existence. 
However, it does not follow from this that the energy source 
of lightning should be entirely unconventional from the viewpoint 
of modern physical concepts. 

It will take still future investigations to show which are 
the sources of energy that feed the still-enigmatic ball 
lightning. 

Translated for National Aeronautics and Space Administration 
under contract No. NASw 2483, by SCITRAN, P. 0. Box 5456, 
Santa Barbara, California, 93108. 
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